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amy asesi air has heen known fincs the sixteenth century, 
> practical appidnatsen 6f it has been made within quite 
veers, Tn the use of air for water slevating two gfenaral 
} been employed. In one, water and air ars admitted 
te @ chamber, which is previded with suitable valves 
ret a and qutting off the water and air suvolies. This 
— es as the displacenent systen., The second method consists 
f wp? ine the air, under pressure, to the lower end of a valve- 
pin and thus elevating the water, 


ae paper, the "Bere und Yuttermuaennische Zeitung", 
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amber 4th. 1885 Btatod that the air svstem ef wate elevating) 
, and used in the sixteenth century. In the "Zoitsaheils 
ins Deutscher Ingenisurs” of November ‘tn. 1885 Gerlock 
at this systern of water elevating was deseribed in 1797 

1 Pranvel Hascher, armining engineer, ef Freiberg, as an 

0 drainage apparatus, hy means of which water can be 
‘eral ells without any buckets or pumps", The expert-- 
f L@ascher were nade hy sub-merging arising pipe for 

+ ate length, in the water, in a tank and then blowing 

ad air ‘through a small. tube into the Bub-marged opening | 
“first pipe. The bubbler of air hecane mixed with the wa- 
Pi, the ‘rising main anc deminished its specific gravity so 

7 ‘the mixture of water and air was driven high anes the water 
A in ‘the ‘tamk by the hy@rostatic provevre, and, undor cemtain 
odie to Plow out from the wiser. In 1846 an Amer— 
wi 1 made} use oof r thd sane principle in raising 
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‘from drilled wells in Pennsylvania. 

' United States patent granted for an air lift was nor- 
P dated October 9th. 1860 and issued tc Mr. Joseph P. 
rs Member of the Aneriean Society of civil Fngineers, for a 


ver Raising Water", My. Frizell had previousiv worked out 
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not air compressing, by using a vertical cola: of water, 
i for the air compressing will be more fully deserined 


te patent for a method cf raising water by means of com- 
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¢ , elain allowed on, the-Fr: 4) patent of 18890 was af follows: 
1 the art of elevati ing water iho matnod of causing a eolumn ef 
7 ihe ascend tn a conductor vy the weight of the external 

, Which eensists in introducing a tube o £ the detirsad length 
@ required depth inte the water to We slevated, and then in- 


| /poripres sed air in the fern of ramat a hubhbies inte the wa 


“the lower end of Baid tube, thereby aerating the vate 


a aaa 

a continous: stream is caused to flow unvird to the point 
substantially as desceribad"’, 

. iy the Sane invention as that of Mr. Frizell was made, 
* sane tine and quite independently, by Prof, Mime Ga, 

a of the Missouri senool or Mines, while Sinking the piers, 

e foundation of a bridge aver the Arkansas river, near Pine 

, keke, ‘Prof. Harris mada use of coupressel air for pump- 

pene water and sand. A 3 inch pipe ag-Feot long: was set 

y. bce upper end about 4 feet dkicve the surface cof 


= nabsaliias Ponting, on the sand nottom at a depth 
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feet. About 6 inches ahove the lower end of the large 


ie Was cut and a 1 inch pipe was screwed into the Largs 
“riy t angies tc it, Into this small pine air was forced 
is of the ordinary pup and hese connections used for sup 
t e air to the divers' helmet, An abundant discharge was 
ed, from the top of the large pipe, which was estimated by 
to contain about equal parts of Sand and water, A vat- 
© applied Por by Mr. Yarris and was first refused by the 
t office on the eround that Mr. Friseli's avplieation had 
- mn Phaet presented, but the final rejection was based wpon the 
patent, already referred to and also the patent of Capn- 
2. Eads number 105,056, duly 5th, 1870 for a hydrauiie 
sag Sand pump; also smith and Cliff mumber $22,453; and stone 
gAl5, ‘the last two being rer hydraulic excavators, 
Be . invention wus made by Dr, Siemens,- see abstract in 
ery, ngs of the Institution of civi2 Engineers, volume 81, 


» 400, 1885 taken from "Dingiers Polytechnische Journal" velune 
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page 284. In a coal shaft heing sunk near Berlin, 30 meters 
se pearing sand had to be gone through... The shaft becane 
It was attempted at first to relisve the pressure on 
ft by making nunsreus Abyssinian wells in the surrounding 
aste, but, these owing 40 their small size did not permit of 
ag effective pumping power. At this time the idea 
9. Da. Siemens, of imitating the action of gas springs, gey- 
Beanhnghreren wells, in nature, His plan was to convey 
‘cle te the Daaten of the suction pipe and there allow 
A paeieh the mass of water, where by ite expansive 

| Moree would be. faarted, until an eqn iiteeun 
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er was 80 millimeters, depth 20 meters and it had a 

S meters loner. “whe tube was lengthened 9 meters at 
nd a lead pipe 20 millimeters in diameter, terminating 

cope: wind-bere with numerous small holes war put down te 

a This was connected with an air compressor, which was 

reversing ine aehion oF a portable steam engine. Re- 

te action of the 1ift Dr, Siemens says: "As soon as the 


an the air vessel rose to three atnosyheres, a current 


ylished, the aml escaped Saran the nettom of the suction 
“the water in the well tube ani rose slowly in mimerous 
lhe As gach bushle exerted a pressure on the water 
dir BR equivalent to shat of the water it SEPP LEGO, the 
a in the outer pipe was disturbed and the water rose in 
> pips, overflowing it if the water ‘was not too high, 
ocity or the water whith is constant so long as the air 
eat Kapt up, depends upon the miantity of air supnlied per 
tine, and the frictional fesistancs in the tube and suc- 
py 

this method was first used in France Gowda who rained 


ie acid by means of it, the apparatie being known as “em— 
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iy Or. whe has dono’ test 40 ‘bring the air lift pump into 
candid Dr. Julius G, Pohle; While manacer of sons Sol- 7 
Dr. Pohlé discovered that in the cperation of_an old 
ae an advantage was gained hy introducing 
‘cheng the ‘dinehargs pipe. A patent number 332,295 
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yyscinian tube wail, that hac been fer some time in use, 
hh ea biel to Messrs, Pohlé and Hil) for a fom 
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alternate acting compressed air purv,in which a chan- 
fled alternately with compressed and with the water or 


[to De Glevated, the aim being fcurced in ic caure the 
Wa is 
o. and the discharge pipe Ona then allcwed to ofcape ar 


2 es Plate 1 shows the arrangesent of the pump. The 
— comprises vart of the patent. The valve is entire- 
tomat i. $) Bte action,controijling the admission and escape 
ene Ina second yetent mipher 347,196 issued tou the sane 
98 fewest, 29th, 1866, there were weed, in combination with 
| Paevice, fine strears - on aie, mhien, entering the pipe at 
, » pointe of its nesicht, would ascend in bubbles through 
2 Liquid. . Plate 2 shows the arrangeartant of the moip, 
lain of this patent covers the combination of the ordinary 
lac: ent purty and the air lift principle. The additional air 
ed Levating the water after it has left the pump. On Decem- 


PGth. 1892 a patent number_487,639 was issues to Dr, Pehle for 
~ \ i ' J 
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of Plevating Liquids”. The arrangement of the apparatus 
ovr on plate Ss ‘In it the-air is talk staan at the lower 

» a vertical ‘pips, The quantitv is sufficient to form bub- 
hi oh wilt expand, irmediately, across the pipe an‘ fii2 the 
Pro Side to Fides. when the Tt. is. first eta ‘ted an air 
slightly greater than that corresponding to the weight 
ia jor dinuda, oxtonding from the point ef entrance of the 
haga 40 the level of the liquid surrcuntine the pipe, 
emired | since the epecttte prarity OF a fixture of air and 

© less the that of the Ah eees. alone, after the aft nas 
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Discharge Pipe. Air Regulating Valve. 


Water Line. 
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eed. Kennedy oF Philadelphia, Pa, ,in september 1996 
Patent, mmber 558,445 Por an "Apparatus: for Lifting cr 
midis”, Claim number four of the applicition is ae fol- 
mnie fer liquid lifting and forcing systens comprising 
1 beay having a series of grooves forming a series of 
lars, pach collar provided with an wpper face which is 
ine te the longitudinal axis of the nozzle and 
” ne 1 face Tr greater inclination than the upper 
EF, nt as ef Hiseharse vorts extending throuch said 
1 Linds: stibstantialiy. at sig ont angles to the inclination 
a working faces thereof; the lower neutral face of 
i » being alias within the dines of the jats cr sprays, 
ie the next adjacent collar, substantially as and 
purpeses dssertnaa! | 
ial of the nozzle is eeren on Plato. 5, It will be noticed 
_: the inclination oy) ae lower face with the longitu- 
sis ereater than that or the upper axis, that the air 
5 ee sligntay tapered sinh that the Spaninne ane at right . 
0. the upper Pace of the POLLBEE , ali of the ese Saate being 
L. by the designer to be of an orpecial advantage. 
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W. lL. Saunders of North Plainfield, N.dJ. wae issved in 
eo Pitent nunher 597,022 for an "Air Lift Purr". tho 
ims, taken from the patent pecord, which ave civen, to- 


“With Plate 6 fullv deS¢rihe the avvaratus. 


—— the herein deseribad method or pumping which consists 
7 lying, Gipectiy tc the ayen Lower ent cf a valveless de- 
pipe surrounded by an open hettom chamber continuously 

4 with fae under pressure, of charges of the linvid and of 
whder pressure and in alteration. 

dair Tn an_ air lift pump the combination of a stationary 

z ' pipe formed with a contracted portion nearer its lower 
nt, a pressure chariber surrounding Said pipe, Baid chamber 
mtivy. open ut ite lower end, to receive the water, and valve— 
8 connections between the pressure chamber and an independent 

| of conprested air at one end, and with the water at the 

er end, whereby the head oe normal level of the water in the 

- ; = 

_ and tne pressure of the air from the tank will alwave opnone 
wr ain the amaiters chamber , causing then te puisate above 
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Discharge Pipe. 
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Plate 6. 
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last (iimce or four vears several water lifting rurps 


a 
)bY air pressure and are automatically regulated have 
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52.8 Sy 


loath 588,825 was granted te John Haas cf Chieuco, t1i- 
we ; 
if hug ast aeth. i897 for avPnowmatic Water Flevator", The 


. ee ‘or a Was a8 Foilows : In & PN iLbAG. we antieyr Alavator, 


nb: ion. with, an air—purm, a pine connected with said perp 


86 8 end cormiunteatine with the interior of the water 
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i Y ihe lower end thereor, and a valve for refulating the 


age cf air from the air pine, of the tank or receptacles far 
hing with the vater pipe and having an outlet cr dis— 

= fer the Water,-a perforated plate or diaphragm ar— 

OSs the interior cf the tank at cne side of the nahi a 

am et, and a pipe connecting the portion of the tank, Wes: 


‘a 1 plate vith the air pump, substantially aa set. forth, 
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7 be Ay Rieke? oF Helena, Montana was granted a patent, 
1,929 orn Oetober 5th, 197 ror a "Compressed Air tatax 
or", This apparatus consisted of an air-tight vessel hav 
inlet ang outlets for the jiquid, « means for raising and 
e the vessel in the liquid and a means for clesing the in- 
ne lewast point reached, This Weouses Ann liquid and air 
oe at the surreundine prescure, Under tie Tores of 
Lair the liquid is released, as the vessel is raised, 

n into. the discharge pine, 

fi w, Titus was granted, Reiseus— 11,675 in muy. ‘age 
patie for Using Compror red hir +6 Elevate Vater", 
— consists of the comb inatien of a water-edueticr 


et ee pipe provided with a lateral 
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‘At several different points thrcugheut ite heicht, 

r mav be iniected inte the eduction tude at different 
it a Series of cut-offs or valves adapted tc open an*. 

ee: 


ives at one or more of the different points and a 


pe Dekeeatine the ent offs or valvas. 
: Ramo G. Harris, whe has been mentioned for his work 
nection Barethe air lift, was cvanted a vatent, number 
87, on April 13th, 1a97 for a pump. Claim number four of 
mlieaticr rén & matent made as fcllows: "A punp, consist— 
wo vessels Gach having at its hettom a pipe Riche anes 
Imitting an discharging wate”, ‘and each having at its ‘top a 
nnection for admitting anil discharging air; a sritch eon— 
ar ethe air-pipor. of Said vessel with the other pipes leading 
ie andet andjdischarpe, respectively, of an air-compresser, 
d switch peing adapted te reverse the connections oF said air- 
27 Paid pines leading tc the inlet and dincharge oF an air- 
for, and an engine for automatically onerating said switch 
. medium of whieaphsiric pressure in eon junetion with a 
al yaown ereatad in the intake vine cf tne COP COREGR, said 
e, comprising a eydinder , piston and ninten—red, a valve ar-—— 
sansa free air to propel the piston and. to allow the cp- 
tie to escape intcsthe intake pipe of the compressor, said 
€ operated by a rod eomnected at one end to the said 
= the other to a crank or. valve-stom, arranged te 
e the valve; and an. adjustable weight mounted between the 
pei above said piston-red ana connected therete My a 


ae tts extreme positions is 4nelinea so that said weight | 
Las the yalon moves from either end of its evlinder ama 
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uliv as deseribed", 


while it does not give a drawing- of the actual working 


pump, serves te show the relative vorsition of tne 


| S parte. Professor Harris refers tc the pum as, a com- 
rect-air-pressure pump, hecause the Tee a, flows in- 

: oo Teceptacis and is then driven out and upward by the 

: of compressed—air, The pum was no floats or aiv-valyes . 

7 the engine room and no air is allewed to escape as the 

4% fron the tanks returns to the compressor, and by exnanding ? 


me power required te run the plant. The important foatuve 


the antonatic SWiteh which turns the air from the emptied tank 
7 other, ant at the same time turns the exhaust air back to | 
OBSOx. The switeh ean be cperated by means of the par- 
un, an jhe inlet pipe to the compressor, praduced, when | 

vain either tank is drarn abov> its normal level, or by 

oPLE nechanism operated br a pressure cage on the inlet 
@ compresscr, or a fleat in- one of the tanks or a nechanien | 
threw the switeh after a fixed number of strokes of 
ton. The designer computed the loss Ok, BUReT in the work- 3 


f. th purm te be “5.4 per Gant This ineludes the loss due 

etion in both air and water pipes, and to the drep in see 

al er the switeching,-but not including the loss in the’ eom- 

The basis, on which this estinate was made, was on a 

> raise L099 gallons per msarie: threugh a vertical height ~- 

) Foot, the length of both dal pipes and of the water pipe 

> ant ee Hue | 4 | , 
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, Merrill of Plainfield, N.1. is the inventor of a forn 


Ment pump. In hie fins) oump the air valve was contrejj- 
. located within the — charmer. "he air valve was 
3 Within or outside of the pump chamber, The use of 
— On account cfr their weight, the injurv 
ed by the action of sand or gritty water, and the in- 
a Site working parts, 
a. aoe Mer, Merrill was eranted a patent, number 
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‘ Oka air valve to he used on these displace- 
spi , the valva is entirely self contained. It consists of 
oo controlled DY an auxiliarv valve, both of which 
on by a asfferentinl ninten, on whiten the air pressure is 

r ‘this ‘neans. the valve nction is Geerented teem he ging 
peeition. ‘The movement, ar the air valve is pre- 
nt and adjusted tc the maxim filling eapacity of the 
, Thien is s¢ “proportioned ‘as to axeaed the discharge 
thereby insuring conplete filling ef the chamber. 
gl 8 is a, secticnal view threven the chanher of a 
> punp of the improved avpe, showing the adaission and 
@ valves jan tha absence of all otner moving parts belov 
ter level. Pigare 2 0n the a ie plate is an external view 
ah WITH P 
tic Ld valve may be placed Just above the water level 
y atatanes aeey from the water chamber. It is preferabls hew- 
Fatmes the air valve peer the water level, to avoid the 
wetted te Fill the ecnnecting air pipes above. When: 
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19 water in the air pipe some distance above the wa- 
nd to a still preater height by an increased sub-merg- 
Asually is sufficiert to reduce the clearance loss 


os ® 


| hia date is the patent number 642,968 rranted 


D te Mr. Palph ¥, Bllict of Oakley, California for 
n for Raising Liquids". Plate 9 and the following 


. 
de ne Datontes in his application fully describe the 


inert 
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isa. An apparatus Tor raising lionids, conpris- 
| having an inlet and an outiet for the liquid to be 
“provided at the top with an air—inlet and air-cutlet, 
ed valve arranged te alternately close the air—inlet 
tlet, a Linwid- outlet pipe arranged contealie er 
1 respect ta Said valve and . pasnit ge there throtgn, rods 
£ dormant? fron the valves and provided with collars 
on the oor Pipe, and dfleat netabie — 6x 
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Elliot Displacement Pump. 
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prensing Air by Palling Water and Raising Water bv 
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ie om davect-—action oF water was first at— 


— P, Prizell about i870, ‘fo accomplish this 
cat ‘pir aru wate was caused to pass dcwn a vertical vas— 


an | the Foot of the Fall the directicn wa® changed te heri- 


“s 

L, then to the vertical arain and carried to such a neignt 

eae 

ne the requived compressicn. Placed between the verti- 
rT? 


a and on: the wpper Side of the horizontal esndait war 


y ey: 
7h 


o which the nir was collected, as it escaped From the 


Bs oe. etee32"s first apparatus for testing this was rather 
“ 
‘for vertical paspages: tubes 1-1/4 inches in diameter were 


, 2 » difference in level between the upper openings cf the 


5 was about 10 ape and tie height of the columns was 
Diane 9 feet. The efficiency of the apparatus was esti- 
mre petween 5 ana, 10 per cent, A larger apparatus was 

A by ur, izell and after being exhibited in Boston, | 
ee tested the hydraulic lanotatory of the Massachusett: 
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of Teahno 2m pists io shows the naeNE sment of the 
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t, for making some scbertimant ts, on a large 
“This shaft was sunk at the dam at St. 
rs were being made there and had nover 
By deep and drained, by a pipe opening intc 
ile of the tinbering were 
aaa bank was constructed at the hettoen 
1 shafts or channels ef road 
nding water, in which-a considerable 
“required was 15 inches 


oe ; r : y 
Meee PUNnction was to return the water 
Dp acsage 


hy eens oye 
Chat shy &y 
wre ywerter 
GAPS 
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Ps, | . i 1 hinewes . sy a ™ e x 4, 
which allowed the air tc pass freely from the 


7 chamber. 
mee. introduce air into the water at was Siven 
5 entrance into the vertical passage, 
foan ee novi more than water inprer— 
opening was made in the side of ~ 
ad with the 


The filling of the air chamber to this point 


nie a 
by the appearance, of Jarge bubbles in the ascending 
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/@loned, At the Sane instant a step wateh was started, 


ar level in the vreeeiving and discharge passaros was re- 


@neut the entire experiment, The time-kesper kept his 
nt Surface of the discharge pasfage. Upon. the appearance 
Mee sbubhler here the wateh was stopped, This save the 
si its fall, ie air preneure ard the time re— 
bdty of the aix ehamber when filled to the 21 
ont iss. Beet. The resulisfor the experinents 
vf Bablo 1. 
t aficioncy 5S per cent is about double the best attained 
aaa apparatvs. this efficiency vould be low for a 
L motor, but. an air compress ing anparaby § on a practical 
| excesd this model, in dimensions, in greater ratio. 
m oxcont. the. former apparatus, 
of power, or the losses of head are ox three kinds, 


t tose ds that at entrance, or the fall eéantedd +0 im-= 


aaa ay 
$n air with pudples. AS near as could be estimated 


yt one foot in all of the experiments. 
1 ons AB the resistances to movement. In experinent 
a air passing, ai velocity or vr 49 feet per second in 
= shaft corresponds to a head of 0.93 feet wholly 
| ba in resistance: to meverrant . From this the Reichenes to 
Fad other velocity Gan. be found, such resistaness be- 
ter Dy. a head mien is proportioned. to the squara of 


ro Pact thas the air does not 
vel on as the water. ‘The air bub— 
E 412 water at the rate of .75 foot per. 


Ve 


Table by 


Experiments in Compressing Air by caveins it to mix 
ding Column of Vater. 

hte miade between May Z0th, and dune 2nd. 1820 by Mx, 
pincll, 


~s ie a oes on st St so eet ct 


-iQuan-!ouan- ! Power Inotal ifotal !Per— ‘Veloc- 
“imi ae” ftetye 3 ! | iity in 
a in for Air’Due to !Power :Power !cent- | 
ell Wa- {Car— lof Airlor lace ithe 
Gham—‘ter. ‘ried ‘One Cu-! i ! idescend— 
oe. liber itu ‘inte bic iPox Water /of ling | 
4 "Pan hic ‘cham— Foot ofione ifor iUse—- ‘ishaft,— 


iPeet ‘Fect ‘ber.— j ‘one ify7 iPaeat 


8 ca 9.45 27.60 2528.2 Govel 14A2780 42.5 8,02 
Meeeeets 9.29 18.59 2627.4 48645 119780 40.8 3.16 
Meee 9.45 14.47 2703.2 59115 92549 42,3 3,02 
29.91 5.92 8.53 2685, PRATT HEROT 40.4 1,89 
ce 29,05 90,00 --—-~ wae Sea ee hg a 
Pees 20,04 01.40 7426.5 73197 186897 40,9 5,32 
meth 11589 $8.07 2424, . 9P6GR 208890 44,3 5,39 
Meets 41.809 85.95 2434, 87522 212000 41.% 4.30 
Seeeete te 2loe2 42.12 2430.7. 108291 20173Z 50,7 5.59 
Geer 27668 10.34 956.20 2427.7 895P9 lash) 47.6 2,51 
MeereGe 8,23 27.51 2415.2 65°52 15197% 43,4 © 2.63 
Bi.G4. 9.46 55,90: 7428, 84519 169049 50,0 2,03 
27.64 9.46 $6.61 R422. 82200 14693 68.1. 3.03 
Biya? S280 - 71.62 2402.7 51476 114257 45.0 1.95 
Pereee, Soe BlV44 2401.9 51503 123090 46.4 1,89 


eee per Cubic “Air.— “iMin- ‘Min- | iper 
Wa- ‘sac— ‘Veet futey— jute.— ‘Af- sec— 
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: Laie iPoot . ivcot hd 
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se the total head nila @an be comput ed and compared with 
ved. } 
Ges ehirance S28 a 00 Peet | 
" in resistance to novenent=,94( 5.02) --~---- = 445 
; (4,49) ; 
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‘fives the observed and commited heads, ‘he cormuted 

; Bhert cf the observed head in the exverinents with ve- 
¢éeeding 3 feat per second, Binee in there caser large 

x 7 air were carried past the chanber involvine resist- 


777 
- 


Ken account of in the computation, In the experi- 
i ie tne pest results, the afreenent is quite satisfactory, 


ig ae 
| Table 2, 

‘ - a a 
ison of Losses of Head as Observed and Computed. 


‘Onserved Computed 
wi ar. Head. Head, 
—<_  -, ~~ 
3.BA4 : 3.22 
2.62 2,84 
A.54 a 2.74 
4,82 . , 4.28 
, | ne ae 
4,77 ie Ps) 
4,82 } 4,73 
ae 461 
oe oe ea 
4,78 ye 4,86 
479 | 47 
5.01 7 4,98 
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oy mn of 5 tation was then applied to a system of prac— 
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shaft 10 feet in diameter, making the nean | ib 
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_ times that of the mode. Ascending shaft in the sane 
Depth 120 fest. Fail 15 feet, Velocity i: deseending 
et per second. The bends should be less abrupt and 

| a siens in design taken, to avoid loss of head, such ar 
a1 pended, entrance to the deseanding shaft, 

his petition head is directly provertional to the square cf the 


ty. @irectly as the distance traversed py the water, and in- 
a2 ‘ 
Wee the MeanWradius of the channel. ‘The other losres are 


asthe square of the velocity. 
8 gives in the proposed aystem the following loss. 
ip 


head 0.200 ,\—-————-+ x, 4%) /5-}-.-------.— aa —---=. 735 Lest, 
a P \ “te 9 
" ; 5 Ne 
415 <q tie ‘Siena oe te ee tas Si a ens a ee oS Abs " 
(4.49) 
in reducing Pe Water. to foant, —-—--———~..+ =%,000. foot 
wat? ) ee —— es 628 fest 
50 Total 1O8S898 ,------------- .607 Feet. 
15 —- $697 
Betisiency = = reg, 
15 


La py for a heal, corresponding tc a pressure of 100 pounds 

fi ciency would be 81 %, | 

. o1 ® experinents and computations tend to show that when 
Lon a large scale an efficient compresscr would be found, 
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Tests of The Air Lift in dermany. 

me Recerd Of OetoOber Sth. and 15th. 1898 published 
70n OF a paper hy Professor Th. Joase of Chartotten— 


any given in the "Zeitsehvift" of the German societv of 
a 


sets cF teste Of the air aft were made. The firet were 
ees chjsct being te find the efficiency cf the 
even conditions: ' the other tests were made under or- 
ae ecnditions in cornmercial plants. 


a 


\ hotmail cOmparative tests:were made usine smocth and 

1 discharce pines, The cerrugaticns ran clear around. the 

dna’ its ercas section was everywhere circular, -althench 

“fable diameter. The claim was made for this pipe that its 

r form enabled a@ greater amount of water to be raised, than 

“possible, with. a scot pipe, hecause the corrugations would 

“the drops of water from ¢lipping back during the saneral up— 
meant of the air and water. The Well used was 6,1 inches 

ir and 98.4 feet deep. In this were placed the air and 

) S and awed For determining the level of. the water dur— 

9 test. Above the well Was built a fraié 22.23 feet hich, 

oh Was placed a tank, From this tank a connection war nade 

) me Gank, The two pipes were hung ona tackle, so 

the anourt of submergence and free litt eould be altered, 
rements made it possinle to measure the discharge, the 

andthe mibnergence. the length of the air line fron 

ver to the Litt was about 150 feet. As there were a 

in if a manometer was attached to the line just 
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entered the well. in order to enable the air pressure 
ermined, 

“ative tests first undertaken were carried out (1) with 
a discharge pipe 129,75 feet lone and corrugations 

Wt B01 inches in ninirman and Maximum diameter, (2) With 

aving a Smooth discharge pine 2.76 inches in diameter,and 


M4ft Ravine a érecoth discharge vine of the same length 


: — diameter. 
fs ef tests were made with the three lifts which dif— 
“in the ratio or the height of the lift to the. depth of sub— 
Three separate expe ice nts were made in each set, which 
a ony an the amount of air furnished, ths ratio of litt 
reence being Kept constant, The umount of air furnished 
puted fror. the mumber of strckes of the air piston, and 
Fe fre bie air Gylinder, which gave the volunetic ef-— 
. » The results cf the tests are given in Table 4, As ex- 
id. the tests showed that the COrTUg ated pipe was a hindrance 
ar than an advantage. Tt is evident that the corrugated pipe 


“a 


ro a Greater. weedatance to the rising mixture of water 


ae the smooth pipe, hecause with the latter the ereat— 
ency between the indicated Work in the compressor and 
shown by the water raised was 45 per cent. while the 

za! te1 pipe under Similar conditions, gaye hut £5.7 per cent, 
» nozzles used in the twe cases were differont. With the 

th discharge pipe the nonzle ass of brace, the form heing such 
“the air WAS discharge: around the entire circumPerente of the 
i. an ‘the other case the air was introduced ‘into the dis- 
> by a simple U bend at the bettom of the air pipe, with 
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Water Works at Dixon. Illinois, 1897, 
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Pply is derived from three artesian wells, sovca inches 


\? 

a and fron 1630 to 1809 feet deen, two of the wells 
a | 
7 


t pevervoir Of 500,000 S4llons capacity. When the reser— 
agen’ 

ia ty thes two wells Plow at. the pute of 566 gallons 

“put when it is full and the well tubing swomorged the 

to 123 gallons per mismts 

no ; of water Was net sUuLfici ent during the summer months, 

Last system was established, 

teat of me two yells flowing into the reservoir, they 


ble tc “secure 1261 gallons oF water per minute, by the lift, 


ab 
es i ; 
— erpty: ang 1212 gallons per minute with the 


y full and. ihe well tubing subn arcad, This inerease is 
te ‘inost ten tines the crdinary flow of the wells wn 
Paatter conditionc, | 

eornel Sergeant ‘Drill 00. Class "A" Air compressor, hav— 
ean cylinder 14 inches in diancter, and air cylindsr 16-1 /4 
in bites, With an 18 inch stroke wat uned, The speed E 
olutions per nimute, (Hhgineering Record, May. gena.1897). 
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f ald, zi jaca . 


> Ponle air lift whieh had been installed ae Le 
Are ne : 
nois, war made “in lesa, A Rand Donpfesnor, with aia 


oe 


hs Inder, a 14 “inch fiir cylinder and a 16 inch sircke 
atte : M, ; inch easing 304 fect leng. Inside of 
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the Air Lift at Pumping Stations. 
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46 
pipe was put a A-1/2 inoh air pipe, the bottom or 
raduosd to 1-1/4 inches, and a short nipple and return 
At the bepiining Gf the test the water stood at 62 
pine center of the discharge pipe. Indicators vere 
@ steam cylinder, 
re resilts were obtained: 
Mm eurtace of water to center of discharge 
—-=-- Eee ee faet. 
Paeeeadine Spiction (about )---------- 143 feet. 
2b, ) surface OF Water to nozzle em apiece mel LAS « Peay 
fer pressure above atmosphere -s---—--—----- ---- 5% pounds. 
an Mebressure at nozzle ----. .-_-_-___-.. ——-- 53,3 pounds, 


re presev re steam eylinder, head end,--—-- 41,8 pounds, 
etive Pressure steam eylinder, erank end,---- 45.2 pounds. 
head end Pee tea one EY) ie anes, 
ton crank end ---~- elas mae — 113 8q.inches. 


1 per minute (gallons) fe eee Sa BBY 


© terk-(horse power) ES ES A ae Te 


aR 17,48 OH, 


b aa of air uned_ maa 5. 84peunds. 
efficiency is partly due to the three: Pellowing < [auses: 

fe was. ‘hoo lange der the amount cf water to be ob- 
— ge without lewering the water in the well, 
f the inside or the Sretnney: pipe nd, the out- 
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oor desifn of the nozzle of the air pipe.(F.N.duly 1p '94) 
2 17h at mi, Tllincis. 


wing: 26 @& Partial Neeuory of the wae of the air lift 
qd, Tliinois, and the Pinal adoption cf deep well pumpr. 
hee ‘ef Rockford was an need of a ereater frrply of 
ethene: Gemand four eicht inch wells were dug ane an 
3} well pin Wer placed in each well. By this method 

S$ of vater per minute were chtained from each well, 

; il short. of the immediate demand for vater. It was then 

7 © inttall the "Pohié Air Lift", On septerher Both, 1898 


test Was Made, 2 Small 12 inch by 16 inch s!raight 


ead 


‘oie @eeer Woe used. The leading dinensions and results 
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one ef discharee pipe aaa a ae 4 inches, 

ree pipe submerged. See eee 9] Peet, 

of air nine ee ® inches, 

i ot hae pipe at \lower end a 1.5 inches. 

pressure eek __=- esc "S97 Honnee, 

PE preedisons ereere) oe Be. 

T= Teertone per minute) —---__._..____ 104, 

inch discharge pipe was then substit:ted fer the four 

with a submergence. of 84 feet the discharre was 538 

py ninte, 

L teste: esd stile abate. Septeriber 47th, and Setaber 

sah thone the air preseure’ Varied fron 79 tc 7 pounds, 

heal mincte varied m4 BP to 120, ani the per cent. 
teen a a8 to 90. ie discharge seemed to pe 
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Portion with the pressure, and minber of revolutions of 
pressor, Beyond certain points an anereass in the ancunt 


| id net seen to materially inerease the discharge, For 


OX-- 


per minute ---------—- 120 
@{ pounds ) £0 
tahoe per minute )-— 514 512 4528 
Mere aowered Tifty feet farther without materially 
a : ng the flow ebneyt st high speedg. 


mae Was: Next uted in.the well without anv discharge 


eb bie cating, Pirst, 189 fact was us 


(he result 
© the flow to 804 gallons, with 80 revolutions and 
Pe ercdmeurs. next, LOA fest was weed with a flow of 


Meme, nex 60 feet wan used with a flow of 492 fallons, 


ey aay 
Semeeest OF 2-1/4 anch and 50 feet of 2 inch pipe was used, 
B50 fest in all. With 125 revolutions and. 50 »~eunds pres-— 
th Pame results as before were obtained, namely 804 fal- 


PM@inkte; With 70 revolutions and 45 ynounds air pressure, 
¢ ions was obtained: ane Leet of air pipe Was next tried 


best result produced was 869 gallons. The pipe was shert— 


bo. B05 feet and with 150 revolutions anda 70 pounds air pres- 
gallons was produced. 
¢ thin the company selling the "Pohlé Air Lift Pump", made 


b with the City to put ana plant, guaranteeing tc pump 
bandon per 24 hours from the four st Peters wells, 
ne heat BB, feat below the burface cf the ground, , “the. ner 
id being. Bix fest helow the surface. The final test was 
de June Ista 1ee4. |The test showed about 1,500,000 gal- 
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pring cf 1895 an open air Pipe Wath Slots about 1/f ineh 

ain inches long near the lower ond was supstitutoa cr. ~ 

Ll e nomz1s, It was then Aecided that air'was wastin: throuch 

without Producing any Gifect., (Folloving this 2 6-1/4 

g was put in each well te a depth of 250 feet, and the 

sy Gyenes in dianstes 245 feet. The air discharge 

ae inches an Giameter at.the end cf a return bend, 

we s1ls Were pumped withe:t trouble, and abeut 1,800,090 

vorad to the required heicht. 

@iiewn that the submercence néed not be the same in all 

lis, Ber tie water in one wail was 60 feet below the sur- 

¥ | Poot in the aeecns, 82 feet in the third and 85 feet in 
etn. 

Pinal cest of . pumping was about $10.90 per million gal= 

FP ine nee Gf the air art this was inereased to S11,52 ver 
- ons, In 19908 the puuapine vlant was again just able 

pe demand at the perioed of maxim Minima. In Jan— 

mat was: determined to #ink:.a 100 reot shaft, at the bhot- 
4 h ch were to be located three pumps driven by thres en- 

at the Surface, Tunnsils were to be dug from the shaft to 

" malie af were necessary, and the purms ancl wells connected 

me running through the tunnels, The plant is expected te 

009, 000. gallons per 24 hours, A dety test of the plant 

ms cos 58,000,000 ‘Poot pounds of work \done per L066 

iP dry Stow, m ; 

baa has probably boen given as a a test at this 

7 pices in shis part: of the Ocuntry. The failure of 
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it this place, is due to its inability to supply ‘he 


rater reqiired, while at the Same tine the cost of pump— 
p ne air lift was greater than with tiie cee voll puns 

| an use, The result 16 the air lift has been éntirely 
— ne mut in. (fllinois society of tnginoers and 

v, 1896 and. Reeering Record, Mareh 18th. 1899), 
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* the Air Lift of the chenpaign and aieha water Corpany, 
At Urbana, Tllinois, 

March 31st, and April ara, 1909, 

the bject of the air 1390 was Pirst taken up it wan ex- 

, Bome labcratory tests cemparine different kinds of 

mdi! ferent methods of piping could be made. hen how 

tn cane te make the tests, it wis impossible tc obtain 

eh tall amd suitable apparatus for such work, A test of 

ae at the Champaign & Urbana Vater “Yorks Pumping station 

gh avrangsd for and made, The plant is lecated in the north 


a rove 
'’% OF irbana on the north side of the Big Your Railway 


pees ie radsed from wells ahcut 165 feet deep, inte 

r of BS0, 0C0 palicn® capacity ana from there pumped inte 

ans. The average daily requirenent at present is ahout 

ms of water yer twenty four hours, 

two yecrs ago the water supply was not equal to the de 

Ll, sc additional wells nape. ded eA, and four of them eonnected 
an air compressor vitich ves then installed, Within the last 

it has been found necessary to again inapwaee the ca- 

of the Plant. This time geared, electrically driven deep 

Bris are to he substituted for the aiy lift wells, and alse 

pt of the steam deep well pumps that are now in use, 

he time the test was made there were in operation two pres- 

mps, one a worthington™ & the other a "Gordon an? Mawrell”: 

nie” double acting deep well pump, to "Gook"deep wall. sums 

meee tro “sect pumps had been diseconnacte1 the 

r west, | 

14 mort: seontdon of tan air «ompressor, réceiver, air 


ge 4' Po. (eee 


ei sbiess,. The manner of piping at the wells is shown 
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Alir Well 


Downie Deep We// Furi. 
Cook DeepWell Ferny. 


Air Corms2ress or s 
Gordor ord Mapell Pressure FUimp. 

Worthi ngtor Pressure Torry 

Boilers 

Coa/. 

fiir Fieceiver. 
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Champaign and Urbana Water Cormpany 
Plate /4 
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ALL of the air =m had an 8 inch casing in which 

a 4 inch vertical riper rith an air pipe 1-1/2 inchor 
nside of it. weit munbar Ay Which gave the moet wa- 
d te discharge ‘ail a "Measuring Tank for «a Jet 

6 gives a phetoeraph showing the “easuring tank, 
ane, to it from this well, An air gauge was placed 
abou 10 feet Pron well number 24. 

Set® were ma‘e at this plant. Previous to the 

| pie-readinge were taken in crder to learn the general 
d range of the 14ft. Table li gives the readings and 

in Mod 02 the air well tests a Pf inch vipe vas weed in 
ing. Tank", 

| TARL6{ 12), 

r Readings Taken at Air Well ‘Wanber 2, to Find the Dis= 


iti "Different. Air Pressures ani speeds of tne Gompressor, 
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Rake vageiire:! Mpaguthe Tank { Water Gallens 


Mees Wold, | Gauge Reading i .. 
a oe oe 
34 | wpe). ' 59.89 

34 hh, 6 G1. 20 : 
24 | iia | 86.29 - 
a bf | +S 69.57 
3 | Fj : 2 | 74.81 
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Air Fipe } 


Ground Line 


8 Well C. a5/179. 


Air Well Piping at the Urhaia Water Works 


| Plate 15. 
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Measuring lank for Jet Meter, at Furrzing Station 


Urbana, Ilhinoss 
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S@ readings agree in every way with the teste cin: 


ft test wae made with the aiv supply shut off from wells 
Oe ana Oey Wel, geemper 2, at which the nsasurine 
SF Placed on use, IM this test the amount cf water raised 


fferent air pressures and different air volumes was found. 
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a. were taken from hoth the steam and sir oy Linders 


ee 


; om pede Min the Becont test all of the wells were in 
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bn aia cards taken from the compressor so that the work 

Meat was working wnder normal ‘gonditions, could be de- 
“at test was made Marc). Bist, 1900, Additional vertieca 

= aided. 6a the well weed in order to reach the meas- 


Tiel made -the distance the water nad te he raised 


"a . 
M feet and the depth of subnersion about &1 feet, These 


SE wers ~“easursd wher. the well was not in operation, it 
on d t¢ measure the depth to the water level in ‘he wold, 
fferont discharges. This was attermted put nad.+o be fiven 
or the Poason, that the discharze pipe did net hang at aun 
istanc: from the well casing, and an measuring the distance © 
a er level the float used was caught between the pipes and> 
Terst) from the string to which it was Restaneh’ “the test 
ain running the compressor at different speeds and noting 
p Pram the well, the amount of discharge and at the 
o taking indiceter cards fron the compresser, From this 
a free ay AF minute, and the failons aor water per min- 
“Sabie! 12 gives the results of this test. 
si Se the efficiency of the lift for differ- 
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Ha Sel ene of water. 
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dency in this case is the weirht of water raised tines 


anice it is raised, divided by the wark doné i» the air 

‘SS 

halla the ecempresser. Af the water level in the well could 
| ai 

seeund Jor the different discharges this could net he done. 
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arced by Air Well Number 2 with different Air Pressures 
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Baie can lAim IMeas-\Free air ein Raised. 
me idatine atiGauge luring per min- | 
| iWompressor;Read— jTank ute.Cubic |Gallens per 
shpoends, (ing icaure Fest. 
tae ‘Well iRead-: ! Minute, 
i ‘Pounds tins. : 


e The air gauge readings at the compressor are five pounds 
Plot of Savin given on Page BIL /A.. 


; Si Aeon pater aprot would fall sone for a-heavy 
At the same tine it seenr reasonable te consider that 
1: soharce, ee air Yells did not lower the level | 
| vite the eroatent discharge with air well mu- | 
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about 100,000 pallone por day, a well whieh had heen 

S tine;in the air system and was dn all respects sini- 
) a r wells put had been replaced by a "Downie" double 

Y i ecuia at. tne neal ppeed of the pump discharge a— 
900 gallons ner Gwanty four hours. Af an exampie or what 


to be the eass the effieteney is found for iva 


+ 


P discharge assur ing that the wabeav lewal was net 
i ie T@MUlts are riven in Table 13. 
=e ; Table 12. 
met pomaar: for Wsfseeent Discharges Assunine the Distance 


piace in the Well, to Remain Ccnatant. 
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-Horse Pover. Hvaraulic ; 
_,. Deveicped. in Efficiency 4%. 
te, Aly oo Yorse Power, 


the greatest jovering of the water level that might he 


hiv expected the ratio in .no case could be hardly iidipounied 
@ than one third of the ancunt piven. This chows that the 
go ratio of the work of the ining water, to that done in 
arama atin any case give an efficieney of 
: 3 io ten: per cent. This agrese in general with the results. 
Be foomeo8 she expenanenss made br professor Rrown in Cal- 


mat is, as - ratio of sie water litt to that of the 
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Mibnersion becomes greater than one, the efficiency he- 


M2, Again, the amcunt of free airy used par ; allon of 
fely larce, This alse is @ae partiy to the increased 
ned abcve, Then the compressor is altogether too 


ens well, that if, pives too great a discharge of air, 


efficieney was probably decreased a preat deal bv this 
t : - 
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Bedea 
) ©) West Wimber 2, Avril gra. isco, 


BE a test wae an efficiency test of the compressor working 
[ee Tiermal conditions, running all three of the wells. The 
ir mnsions cf the compressor and the results of the test 


iven below. 
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/ Rwilders | Mens! Stilwell = Bierce & smith- 
He: ean os) Yaka Adie Davton, Ohio. 

Or ‘eben cylinder, high pressure 
‘ n 7 ” n n | 
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"* main valve red -----~--~-~- << 
i expansion valve rod s4i--.-.--2--._.---_- 3 


5 1B600 younis. 
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air inlet and the air outlet valves are Yiaced in the 
Wir: . the air inlet valves are ef the poppet t#ps, o~- 
pressure of the external Ai ANd close! by the vres— 
ar in the cylinder atsisted by spival springs, 


ene Valven “idem on a “wrasse frame which alse fur- 
ee feat. This Prams is serewed into the cvlinder 
ere five ae valves, in each cylinder head, sac: 
el 4.9 square inches. The air outlet valves 
om. _ They are Cpened by the pressure of the air 
Pind. olered by the pressure oF the air in the 
ca by spiral springs. . The bottom of the cup forns 


£ nh valve. hese valves seat in openings made fcr 


. 1 tm eet tron, evlinds” head. This does not allow the 
he a ound and when a new vaive if put in it har to. 

i 1 to its seat, “as mae saat cannot be removed with 

1c} n eyLinder hea’ iat three air outlet walves, each 

: t face ara. of 2.4 SQUAT S, inches. The entire valve 


ue On because the valyes take uy sc mach cf the 


sacs that no room is left in which to cireulate 
$ as ne peverncr on the compressor. Imring tie test the 
a ‘cutoff was not altered and. the speed of the compressor 
ated by ithe bs to ghrp | 
or caanis wares taken avery fiftean minvtes, during the 
. “Pour, Tabor indieators were usar, one on each cylinder, 
ved cives a photograph of the air compresnor, The kind of. 
motion vinod and the ‘manner oF attaching the name ean he 
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